We have identified the auxin-responsive region (Aux-RR) of the par A promoter; it is derived from a gene that is induced by auxin in tobacco mesophyll protoplasts. By analyses of gain-of-function and point mutations in transgenic tobacco plants, we showed that an as-l-\\ke sequence was required, but not alone sufficient, for auxin responsiveness of the par A promoter, as has been also shown for the parC promoter in a recent study. A gel mobility shift assay revealed that the aj-7-like sequence of the par A promoter bound specifically to the as-1 binding nuclear factor, ASF-1, while the as-7-like sequence of theparC promoter bound specifically to a novel nuclear factor named ALF-1 (as-1-like sequence binding factor-1). Since these bindings were correlated with auxin-induced activation of transcription, those results suggest that ALF-1 is a new nuclear factor involved in auxin responsiveness and that it is distinct from ASF-1. Furthermore, we found that an as-l-\ike sequence in the AuxRR of parB bound specifically to a tobacco nuclear factor, named ALF-2, which differed from ASF-1 and ALF-1. These results suggest that the auxin responsiveness of the auxin-inducible genes par A, parB and parC are regulated by different mechanisms, even though the m-acting elements look similar.
tion pathways that activate their expression (reviewed in Theologis 1996, Takahashi et al. 1995b ). Efforts to trace signal-transduction pathways have identified several auxin-responsive regions (AuxRRs) in the 5' flanking sequences of several genes, including PS-IAA4/5 (Ballas et al. 1995) , GH3 (Ulmasov et al. 1995a ) and SA URs (Li et al. 1994 ) of elongating tissues and parB (Takahashi et al. 1995c) , which is involved in inducing cell division.
The AuxRR of the PS-IAA4/5 promoter can be functionally divided into two auxin-responsive domains, Aux-RD A (48 bp), which behaves as the major auxin-responsive element, and AuxRD B (44 bp), which functions as an enhancer element (Ballas et al. 1995) . AuxRD A contains the conserved sequence 5'-T/GGTCCCAT-3' found in the AuxRR (57 bp) of the soybean SA UR ISA promoter (Liu and Lam 1994) ; Ballas et al. (1995) suggested that this sequence was the core motif in domain A for auxin responsiveness. The analysis of the GH3 promoter showed that it has two independent AuxRRs, Dl (25 bp) and D4 (32 bp), each containing the conserved sequence 5'-TGTCTC-3', a sequence that also exists in the AuxRRs of the PS-IAA4/5 and the SAUR ISA promoters (Ulmasov et al. 1995a ). The 5'-TGTCTC-3'sequence, however, was insufficient for auxin responsiveness; the response required an additional nucleotide sequence that functioned as the constitutive enhancer element (Ulmasov et al. 1995a) . Recently, Ulmasov et al. (1997) cloned the gene for a transcriptional factor called Auxin Response Factor 1 (ARF1), which binds to the 5'-TGTCTC-3' sequence. ARF1 has a DNA binding domain in the amino terminus related to that of the maize transactivator Viviparous-1, and two motifs in the carboxyl terminus that are also found in the Aux/IAA class of proteins which mediate protein-protein interactions. Takahashi et al. (1995c) indicated that the parB promoter has two independent AuxRRs, ARE I (49 bp) and ARE II (98 bp). These regions, however, do not contain the 5'-T/ GGTCCCAT-3' sequence or the 5'-TGTCTC-3' sequence. This suggests that some other cis-acting elements are involved in auxin responsiveness of the AuxRRs of the parB promoter. Liu and Lam (1994) reported that the as-1 sequence of the cauliflower mosaic virus (CaMV) 35S promoter is a minimal auxin-responsive cis-acting element, although it was originally isolated as an element of root-specific expression . The 35S promoter, however, lacks auxin responsiveness (Liu and Lam 1994) . Instead, the binding of a tobacco nuclear factor, ASF-1, to the as-1 sequence is correlated with the auxin-induced activation of transcription by its sequence. More recent studies have revealed that as-1 or its related elements (ocs, nos, etc.) are better considered as general stress-responsive elements than as specific auxin-responsive elements, because they respond to various compounds such as salicylic acid (SA), methyl jasmonate, inactive auxin analogs and cadmium (An et al. 1990 , Kim et al. 1994 , Qin et al. 1994 , Ulmasov et al. 1994 , Kusaba et al. 1996 , van der Zaal et al. 1996 . Accordingly, the claim that ASF-1 was first identified as the trans-acting factor involved in auxin responsiveness remains unclear. Kusaba et al. (1996) indicated that ASF-1 may be involved in transcription that is activated by cadmium-induced signal transduction pathways. More recently, Jupin and Chua (1996) indicated that a tobacco cellular factor, which is supposed to be ASF-1 itself or a complex of ASF-1 and other unknown factors, is involved in SA-activated transcription.
Previously, we localized the AuxRR of the auxin-inducible gene parC to a specific region in its promoter (Sakai et al. 1996) . This result showed that the as-7-like sequence in the AuxRR of parC was required, but not alone sufficient, for auxin responsiveness. Furthermore, we observed that one of the AuxRRs of parB (ARE I) includes an as-7-like sequence, although its involvement in auxin responsiveness remains to be proven (Takahashi et al. 1995c) . These studies prompted us to examine the auxin responsiveness in the par A promoter, because an as-7-like sequence was observed in it. Therefore, in the current study, we tried to determine the role of these motifs in the auxin responsiveness of auxin-inducible genes of tobacco.
As a consequence, we have identified the AuxRR of the parA promoter and determined that an as-7-like sequence in this AuxRR of parA was necessary, but not alone sufficient, for the auxin responsiveness, as has been shown for the parC promoter. A gel mobility shift assay showed that the as-7-like sequence of parA bound to ASF-1; this binding is correlated with the auxin-induced activation of transcription. In contrast, however, the as-7-like sequences of parC and parB bound to novel nuclear factors of ALF-1 (as-7-like sequence binding factor-1) and ALF-2, respectively. The binding of ALF-1 to the as-7-like sequence was correlated with the auxin responsiveness of the parC promoter, suggesting that ALF-1 is a novel trans-acting factor that is involved in auxin responsiveness.
Materials and Methods
Construction of plasmids-The constructs of parA promoter/GUS, pUCparAAMboll and pVCparAADdel, were described previously (Kusaba et al. 1996) . The Hindlll-Scal fragment that contained a segment from nucleotides (nt) -83 to -2 1 was isolated from pUCparAAMboll and inserted into the region between the Hindlll site and the fllled-in Pstl site of pUCparBARsal (pUCparA-Mboll/Scal). An oligonucleotide from nt -83 to -33 was annealed with the Sphl site of pUC18 plasmid digested Sphl and Xbal, filled-in by Klenow fragments of DNA polymerase I, and then circularized. The sequence of -83/ -33 oligonucleotide is as follows: 5-ATATATATTTGCTTAGATGTCATTGCTTGCGT-AATGGGAAGATTTGGTTCATG-3'. The Hindlll-Xbal fragment (Xbal site was filled-in) was isolated from this plasmid and introduced into pUCparBARsal, as in the case of pVCparAMboll/Scal (pUQwv4--83/-33). Oligonucleotides from nt -69 to -33 were annealed to each other and cloned into the Sphl site of pXJCparBARsal (pUQwv4--69/-33). The sequences of -69/ -33 oligonucleotides are as follows: sense, 5-ATTAC-GCAAGCAATGACATCTAAGCAAATATATATCATG-3',and antisense, 5'-ATATATATTTGCTTAGATGTCATTGCTTGCG-TAATCATG-3'. The orientation and sequence of the cloned fragments were determined by DNA sequence analysis.
The chimeric promoter/GUS constructs were inserted into the pBHOl.l vector. Leaf discs of tobacco (Nicotiana tabacum L. cv. Petit Havana SRI) were transformed with Agrobacterium tumefaciens LBA4404 that harbored the various pBHOl-based plasmids. For each construct, at least five independent transgenic tobacco plants were regenerated, except in the case of parAAMaell, in which two independent transgenic tobacco lines of Ri seeds were regenerated, as described by Takahashi et al. (1995a) .
Site-directed mutagenesiss-To analyse the effect of point mutation on the parA promoter, the Maell-Maell fragment (nt -769 to +51) was blunt-ended and introduced into the filled-in BamHl site of a pUCl 19 plasmid. This plasmid was used to generate mutants, parAAMaell-mtl and -mt2 (Fig. 3) . Point mutations were introduced into oligonucleotides, as shown below by underlining, by the method of Kunkel et al. (1987) : AMaell-mt\ oligo,5'-GCTTAGATGCTATTGCTTGCACAATGGGAAGAT-TTGG-3'; AMaell-mt2 oligo, 5'-GTACTATTTATAGTGATACA-CATTTGCTTAGATGTC-3'. For the construction of parAAMaellmtl and -mt2, the BamHl-BamHl fragments of pUC119-based plasmids containing the mutated Maell-Maell fragments were inserted into the BamHl site of pBI201.1, a pUC18-based plasmid that contained the gene cassette for GUS of pBI 101.1 (Clontech). All mutations were confirmed by DNA sequence analysis, and the chimeric promoter/GUS constructs were inserted into the pBHOl.l vector.
Fluorometric analysis of GUS activity-Leaves of R o transgenic tobacco plants that had reached a height of 10 to 20 cm were cut into 2 mm x 20 mm sections and incubated at 28°C in Murashige and Skoog (MS) medium supplemented with 100 mg liter" 1 /nyo-inositol and 1 mg liter" 1 thiamine-HCl with or without 4.5 /JM 2,4-D. After 24 h, the leaf sections were frozen in liquid nitrogen and homogenized in the extraction buffer (50 mM NaPO 4 [pH 7.0], 10 mM EDTA, 0.1% Triton X-100, 0.1% SDS, 10 mM fimercaptoethanol), as described by Jefferson (1987) . After the cell debris had been removed by centrifugation, GUS activity was determined using 1 mM 4-methylumbeliferyl glucuronide as the substrate at 37°C. R, transgenic tobacco seedlings containing parAAMaell were assayed. R, seeds of two independent transgenic tobacco lines were grown in MS medium containing 100 mg liter" 1 /ryo-inositol, 1 mg liter" 1 thiamine-HCl, 3% sucrose, and 100 mg liter" 1 kanamycin sulfate; then kanamycin-resistant seedlings were grown on soil. Leaves of R, transgenic tobacco plants were assayed in the same way as Ro plants.
Preparation of nuclear extracts-Nuclear extracts were prepared with modifications of the methods as described by Watson and Thomson (1986) , Luthe and Quatrano (1980) and Green et al. (1987) . Tobacco plants (Nicotiana tabacum L. cv. Xanthi nc) were grown for 7 to 10 weeks in the greenhouse. Harvested leaves (~200 g; without petioles and major veins) were cut into 3 mm x 40 mm sections and incubated at 28°C in 0.5 x MS medium supplemented with 100 mg liter" 1 /nyo-inositol, 1 mg liter" 1 thiamine-HC1 and 4.5 /JM 2,4-D. After 24 h, the leaf sections were blotted dry. After this point, all procedures were carried out at 4°C. Tissue was homogenized in a razor-blade homogenizer filled with 5 volumes of nuclear isolation buffer (NIB: 10 riiM HEPES/KOH [pH7.9], 10 mM MgCl 2 , 0.44 M sucrose, 10mM /?-mercaptoethanol, and 0.5% Triton X-100) at 10,000 rpm for 10 s. The homogenate was filtered through three layers of cotton gauze and nylon mesh (30/im). The filtrate was centrifuged at 4,000 x g for 5 min, and the supernatant was discarded. The crude nuclear pellet was resuspended with 300 ml NIB. The nuclei were washed and concentrated four times by centrifuging at 4,000 xg and resuspending the successive pellets as follows: first pellet-50ml NIB; second pellet-lOml NIB; third pellet-5 ml NIB; fourth pellet-3.5 ml nuclear lysis buffer (NLB: 20 mM HEPES/KOH [pH 7.9], 5 mM MgCl 2 , 100 mM KC1, 1 mM EDTA, 10% glycerol, 1 mM PMSF, lO^gml" 1 leupeptin, 5^g m P ' antipain, 14^gml"' aprotinin). The nuclear suspension was transferred to a Hitachi 5PA centrifuge tube. One tenth volume of 4 M (NH 4 ) 2 SO 4 was added, and the tube was rocked gently for 30 min. Chromatin and particulate material were pelleted by centrifugation at 40,000 rpm for 60 min. Proteins were precipitated by the addition of 0.3 g ml" 1 (NH 4 ) 2 SO 4 with stirring for 30 min. Following centrifugation at 35,000 rpm for 30 min, the pellet was resuspended in 500 ftl of nuclear extraction buffer (NEB: 20 mM HEPES/KOH [pH7.9], 5 mM MgCl 2 , 100 mM KC1, 0.2 mM EDTA, 20% glycerol, 1 mM PMSF, and 1 mM DTT) and dialyzed against 200 volumes of NEB overnight. Insoluble materials were removed by centrifugation at 20,000 x g for 10 min. Extracts were aliquotted, frozen in liquid nitrogen, and stored at -80°C.
Gel mobility shift assay-Nucleotide sequences of the double-stranded oligonucleotide probes or competitors for gel mobility shift assay were as shown below (see also Fig. 3 ): as-1 (5'-C-CACTGACGTAAGGGATGACG-3',5'-TGTGCGTCATCCCTTA-CGTCA-3); as-1 mt (5-CCACTGCTGTAAGGGATCTCG-3', 5'-TGTGCGAGATCCCTTACAGCA-3'); pas-a (5-CCCATTA-CGCAAGCAATGACAT-3', 5-TAGATGTCATTGCTTGCGT-AAT-3');pas-tf mt(5'-CCCATTGTGCAAGCAATAGCAT-3', 5-TAG-ATGCTATTGCTTGCACAAT-3); pas-c (5-CGTGACGAATG-CGATGACCT-3', 5-AGAGGTCATCGCATTCGTCA-3'); pas-c mt (5-CGTGGTGAATGCGATAGCCT-3', 5-AGAGGCTATC-GCATTCACCA-3'); pas-b (5'-AATATGAGGAGACTTGTGAG-GT-3', 5 -ATGACCTCACAAGTCTCCTCAT-3). The oligonucleotides were annealed and end-labelled with [a-32 P]dCTP and the Klenow fragment of DNA polymerase I. Binding mixtures contained 10,000 cpm end-labelled DNA probe, 20 n% nuclear extract protein, 2 n% poly(dIdC)poly(dIdC) (Pharmacia Biotech) and specific competitor DNAs as indicated in the figure legends. They were filled with 20^1 binding buffer (25 mM HEPES/KOH [pH 7.9], 10 mM MgCl 2 , 50 mM KC1, 0.5 mM EDTA, 10% glycerol, 0.5 mM PMSF, and 0.5 mM DTT). Reactions were incubated at room temperature for 30 min and loaded on 4% polyacrylamide gels containing 6.7 mM Tris-HCl (pH 7.5), 1 mM EDTA, and 3.3 mM sodium acetate. After electrophoresis, the gels were autoradiographed.
Results
The auxin-responsive region of the parA promoter includes the as-1-like sequence-We first mapped the positions of AuxRRs in the parA promoter. The previous study indicated that the constructs that retained the 5' flanking sequence of parA (AMaell) that extended to nucleotides (nt) -769 from the site of initiation of transcription exhibited clear responsiveness to auxin (Takahashi et al. 1995a ). The parA promoter has an as-7-like sequence located between nt -6 8 and nt -5 2 (Kusaba et al. 1996) . We examined whether this sequence is involved in auxin responsiveness, as has been shown for that in parC promoter (Sakai et al. 1996) . A series of 5' deletions of the parA promoter showed that deletion up to nt -83 (AMboll), without deletion of the as-7-like sequence, did not eliminate responsiveness to auxin (Fig. 1) . Further deletion to nt -4 9 (ADdel), which did remove the as-7-like sequence, however, completely eliminated auxin responsiveness. Thus, the region located between nt -83 and -49, which includes the as-7-like sequence, is required for auxin responsiveness.
To localize the AuxRRs more precisely in the parA promoter, segments in the AMboll fragment were connected to a core promoter (parBARsal). The insensitivity to auxin of the parB core promoter, parBARsal, had been demonstrated previously (Takahashi et al. 1995c) . As shown in Figure 1 , only a segment between nt -83 and nt -21 (Mboll/Scal) unambiguously conferred auxin responsiveness on the parB core promoter. By this gain of function analysis, we conclude that the AuxRR of the parA promoter is located between nt -83 and -21. It should be noted, however, that neither the nt -83 to -33 sequence ( -8 3 / -33) nor the nt -69 to -3 3 sequence ( -6 9 / -3 3 ) conferred auxin responsiveness on the parB core promoter (Fig. 1) , implying that the as-7-like sequence in the promoter was not sufficient for auxin responsiveness on its own.
The as-1-like sequence is required, but not alone sufficient, to confer auxin responsiveness-The nucleotide sequence from nt -83 to -21 of the parA promoter is shown in Figure 2a . The region from nt -83 to -21 includes the os-7-like sequence and two TATA box-like sequences ( -41 and -31) . To examine whether these sequences are involved in auxin responsiveness, we introduced mutations into the as-7-like sequence and into the -41-TATA box-like sequence of AMaell. As shown in Figure  2b , a mutation in the as-7-like sequence (mtl) completely eliminated auxin responsiveness, suggesting that this sequence is essential for auxin responsiveness. Thus, the as-1-like sequence of parA promoter is required, but not alone sufficient, for auxin responsiveness of parA, as has been shown for that in parC (Sakai et al. 1996) .
The mutation in the TATA box-like sequence (mt2) had no deleterious effect on auxin responsiveness, but actually increased the total level of GUS expression. Thus, the TATA box-like sequence ( -41) in the parA promoter is not critical for responsiveness to auxin.
Gel mobility shift assay of as-1-like sequences of the parA and parC promoters-This study (Fig. 1, 2 ) and our previous one (Sakai et al. 1996) clearly showed that the as-7-like sequences of parA and parC promoters were required, but not alone sufficient, for auxin responsiveness. The as-7 element in the 35S promoter of cauliflower mosaic virus (CaMV) binds to the nuclear factor ASF-1 (Lam et al. 1989) . To reveal whether ASF-1 regulates auxin responsiveness of as-7-like sequences of parA and parC promoters, we looked for nuclear factors that bind to the two as-7-like sequences using a gel mobility shift assay. Nuclear extracts used in the assay were isolated from leaf tissues of tobacco that had been cultured in the presence of the synthetic auxin 2,4-D at 4.5 fiM for 24 h. Sequences of the probes used in this experiment are indicated in Figure 3 . The as-7-like sequences in the AuxRRs of parA and parC are named pas-a and pas-c, respectively, to maintain consistency in naming among parA -related genes; this naming was established for parA by Kusaba et al. (1996) . Results of the gel mobility shift assay with pas-a and pas-c are shown in Figure 4 . Nuclear factors that bound sequence-specifically to both pas-a (Fig. 4, lanes 1 and 2) and pas-c (Fig. 4, lanes 6 and 7) were observed. The complex formation between pas-a and the nuclear factor was inhibited by the addition of an excess amount of non-radioactive as-1 (Fig. 4, lane 5) . This result indicates that the nuclear factor that binds to pas-a is very likely to be ASF-1, as had been reported by Lam et al. (1989) . In contrast, neither non-radioactive pas-a nor as-1 competed with pas-c for its specific binding to the nuclear factor (Fig. 4, lanes 9 and  10) . Correspondingly, non-radioactive pas-c did not compete with pas-a (Fig. 4, lane 4) . Together, these results indicate that the nuclear factor that binds to pas-c is not ASF-1, but rather a novel factor that we have named ALF-1 (as-7-like sequence binding factor-1).
Competition with the mutated sequences of pas-a and pas-c, which abolish auxin responsiveness ( Fig. 2 and Sakai et al. 1996 respectively), demonstrated the specificity of both sequences for their respective nuclear factors. Neither complex formation of pas-a with ASF-1 nor complex formation of pas-c with ALF-1 were inhibited by an excess amount of their respective mutated sequences (Fig. 4, lanes  3 and 8) .
To confirm the above-mentioned relationship, we also examined the binding of the as-1 to nuclear factor by using the as-1 probe (Fig. 4, lanes 11 to 15) . The specific nuclear factor, ASF-1, bound to the as-1 (Fig. 4, lane 11 and 12 ) and did not compete with the mutated as-1 sequence (Fig. 4, lane 13) , as reported by Lam et al. (1989) . The observation that an excess of pas-a inhibits the complex for- mation of as-1 with ASF-1 (Fig. 4, lane 14) but that pas-c shows no such inhibition (Fig. 4, lane 15) , supports the hypothesis that ASF-1 binds to pas-a but not to pas-c. On the basis of these results, we conclude that pas-a and pas-c bind to ASF-1 and ALF-1, respectively, and that both factors are necessary for auxin responsiveness of parA and parC promoters.
Nuclear factor binding to an as-1-like sequence of the parBpromoter- Takahashi et al. (1995c) analysed the promoter of parB, which was originally isolated from tobacco mesophyll protoplasts as an auxin-inducible gene (Takahashi and Nagata 1992a), and revealed that it comprises two AuxRRs, either of which can independently confer auxin responsiveness to the core promoter. Since an as-1-like sequence termed pas-b is present in one of the AuxRRs (ARE I) of the parB promoter, we attempted to identify the specific nuclear factor to which this sequence might bind. A gel mobility shift assay revealed that one nuclear factor bound in a sequence-specific manner to pas-b (Fig. 5, lanes  1 and 2) . We also determined that this factor was neither ASF-1 nor ALF-1, because pas-b did not compete with/?osa, pas-c, or as-1 (Fig. 5, lanes 3 to 11) . This nuclear factor was named ALF-2. The involvement of ALF-2 in auxin responsiveness has yet to be confirmed. A summary of the results from the gel mobility shift assay is presented in Figure 6 . It is evident that different trans-acting nuclear factors bind to the AuxRRs of parA, parC, and parB. The nuclear factors ASF-1 and ALF-1 that bind to pas-a and pas-c, respectively, are also known to be required for auxin responsiveness of the parA and parC promoters.
Discussion
Our group isolated three auxin-inducible genes, parA (Takahashi et al. 1989) , parB (Takahashi and Nagata 1992a) , and parC (Takahashi and Nagata 1992b) , from tobacco mesophyll protoplasts. To reveal regulatory mechanisms of gene expression by auxin, we analysed transcriptional regulation of all three genes and had already identified AuxRRs in the promoters of parB (Takahashi et al. 1995c ) and parC (Sakai et al. 1996) . In the present report, we indicate that the region between nt -83 and -21 in the parA promoter confers auxin responsiveness on the core promoter and conclude that this region is the AuxRR of the parA promoter. Furthermore, this region of theparA promoter has an as-/-like sequence {pas-a), a sequence group that has been implicated in auxin responsiveness of several gene promoters (An et al. 1990 , Kim et al. 1994 , Liu and Lam 1994 , Ulmasov et al. 1994 , van der Zaal et al. 1996 ). We further demonstrate by point mutation analysis that pas-a is also required for auxin responsiveness of the par A promoter. Our analysis demonstrates that pas-a can not confer auxin responsiveness to the core promoter on its own. The os-7-like sequence (pas-c) of the parC is similarly insufficient to confer auxin responsiveness (Sakai et al. 1996) . Thus, both pas-a and pas-c require some other ris-acting elements to confer auxin responsiveness to the core promoter. Such ris-acting elements, however, are apparently not required for auxin responsiveness in as-1 of the CaMV 35S promoter and the cs-V-like sequence (asl!4) in the promoter of auxin-inducible gene Ntll4 of tobacco cell-suspension cultures, despite the fact that asll4 is identical in sequence to pas-a. Liu and Lam (1994) demonstrated that four tandem repeats of as-1 responded to auxin in transgenic tobacco plants. In the case of NtU4, van der Zaal et al. (1996) indicated that asll4 could confer auxin responsiveness on its own in stable transformants of tobacco suspension BY-2 cells.
What is the basis for these discrepancies? One possibility is that the trans-acting factors that bind to these sequences and the mechanisms that regulate the response to auxin are variable. To investigate this possibility, we set out to characterize trans-acting factors binding to these sequences by the gel mobility shift assay. In this analysis, we revealed that the pas-c binding protein, which we named ALF-1, was in fact distinct from ASF-1, while the pas-a binding protein was ASF-1, the same factor that binds to as-1. We showed that pas-c binding activity to ALF-1 correlated with auxin responsiveness of the parC promoter, suggesting that ALF-1 is a heretofore undiscovered nuclear factor involved in auxin responsiveness. These results indicate The pas-a probe was used in lanes 6 to 8. The pas-c probe was used in lanes 9 to 11. The competitors were present in 100-fold molar excess over the probes. The specific DNA-protein complexes are shown as arrow heads. Each probe was incubated with nuclear extract but without a competitor (lanes 1, 6 and 9). W, wild-type competitor for each probe (lanes 2, 7, and 10). a, pas-a as a competitor in lanes 3. c, pas-c as a competitor in lanes 4. as-J, as-1 as a competitor in lanes 5. b, pas-b as a competitor in lanes 8 and 11.
that the interaction of pas-c with the trans-acting factor differs from that of as-1 and pas-a and that the regulatory mechanism of gene expression through pas-c is also distinct.
On the other hand, pas-a has the same sequence as asll4 and binds to the same nuclear factor to which as-J binds, so it seems that pas-a, zs!14 and as-1 are analogous.
Our analysis also indicates that the nucleotide sequence between nt -32 and -21 is required for auxin responsiveness and that replacement of the region of the core promoter (downstream from nt -32) on the -83 AMboll construct to the parB core promoter, as a -83/ -33 construct, eliminates auxin responsiveness (Fig. 1) . These results suggest that the region of the -31 TATA box-like sequence is im- portant for auxin responsiveness of the par A promoter. A recent report showed that yeast TAF H 145 selectively recognized the sequence surrounding the TATA box in core promoters and conferred sequence-specific gene transcription (Shen and Green 1997) . It is therefore possible that the different core promoter used in our analysis (the parB core promoter instead of the 35S core promoter for as-7 analysis [Liu and Lam 1994] and the core promoter of Agrobacterium tumefaciens T-cyt gene for asll4 analysis [van der Zaal et al. 1996] ) accounts for the difference in auxin responsiveness of the ASF-1 binding sequences.
Additionally, it should be noted that the assay systems for pas-a, as-1 and asll4 were different. Liu and Lam (1994) do not confirm whether as-1 alone can respond to auxin, even though four tandem repeats of as-1 could work. In the analysis of asll4, van der Zaal et al. (1996) showed that their as-1 consensus sequence (ascon: 5'-TGACGTAAGCGATGACGTCA-3') could barely respond to auxin in stable transformants of BY-2 cells. Furthermore, neither ascon nor asll4 can respond to SA, even though as-1 can respond to SA in transgenic tobacco plants (Jupin and Chua 1996) . These results suggest that a transcriptional regulation through the as-1 element and ASF-1 between tobacco suspension BY-2 cells and tobacco plants is different. We have not yet confirmed the reason why/?asa can not confer auxin responsiveness on its own in our experiments although as-1 and as 114 can confer responsiveness in their systems. Nevertheless, our study indicates that pas-a is required, but not alone sufficient, for auxin responsiveness; thus, pas-a requires some other element to respond to auxin, at least in transgenic tobacco plants. We propose that this element may be the -31 TATA box-like sequence and/or the sequence surrounding it in the par A core promoter.
In our gel mobility shift assay, we indicated that pasb, which is an as-7-like sequence in one of the AuxRRs of the parB promoter, was bound by a nuclear protein other than ASF-1 or ALF-1; we have named this protein ALF-2. This result confirms that ASF-1 is not involved in auxin responsiveness of the parB promoter (Takahashi et al. 1995c) . Furthermore, it means that the mechanisms of transcriptional regulation by auxin differ among par A, parB and parC genes, even though these genes were isolated as auxin-inducible genes from the same material under the same conditions. Each AuxRR in these genes lacks a TGTCTC element, which is bound by the Auxin Response Factor 1 (ARF1: Ulmasov et al. 1997) , and the mechanisms of auxin responsiveness seem to differ from that conferred by ARF1. Many cis-acting elements and rra/is-acting factors may participate in transcriptional regulation of various genes by auxin, and those differences may contribute distinct responses to other chemical agents, for example, different responses of par A and parC to cadmium (Takahashi and Nagata 1992b) or different expression patterns in tissues and/or developmental stages with each auxin-regulated gene (Gee et al. 1991 , Takahashi et al. 1995c , Sakai et al. 1996 , Wong et al. 1996 .
In conclusion, our results show that the (63 bp) region between nt -8 3 and -21 is the AuxRR of the par A promoter and that the as-7-like sequence, pas-a, in this region is required, but not alone sufficient, for auxin responsiveness. The gel mobility shift assay reveals that the pas-a binding protein is ASF-1, while the as-7-like sequence in the AuxRR of the parC promoter, pas-c, is bound specifically by a novel nuclear factor, ALF-1, whose binding shows involvement in auxin responsiveness of the parC promoter. Our results also show that the regulatory mechanism of auxin responsiveness of the parB promoter differs from that of the parA promoter involved in ASF-1 or to the parC promoter involved in ALF-1, even though one of the AuxRRs of the parB promoter includes the as-7-like sequence, pasb. The three as-7-like sequences, each with distinct characteristics, may be useful in identifying the genes encoding ASF-1, ALF-1 and ALF-2. They may also give new insight into the relationship between the as-7-like sequences and auxin responsiveness that will help to identify the other cisand /ra/is-acting factors required with pas-a/ASF-1 or pasc/ALF-1 for auxin responsiveness of the parA promoter or the parC promoter.
